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RESEARCH MEMORANDUM

THE EFFECT OF VARIOUS AERODYNAMIC BATLANCES ON THE
LOW-SPEED LATERAL-CONTROL AND HINGE-MOMENT
CHARACTERISTICS OF A 0.20-CHORD PARTTAL-
SPAN OUTBOARD AILERON ON A WING WITH
LEADING EDGE SWEPT BACK 51.3°

By Alexander D. Hemmond
SUMMARY

A wind-tunnel investigetion was made at low speeds to determine
the lateral-control and hinge-moment characteristics of & 20-percent-
chord, unsealed, partlal-span outboard alleron equipped with either an
overhang, a paddle, or & spoliler balance on a tapered 51.3° sweptback
gsemispan wing model having an aspect ratio of 3.05.

The aileron effectiveness was relatively unaffected by the overhang
or the paddle balance, but the spoiler baslance generally increased the
effectiveness obtained with the plain flap. A reduction in the hinge-
moment coefficlent was obteined with all the balances investigated,
although the paddle and the spoller balances gave a more favorable
variation of hinge moment with alleron deflection and showed promlse
toward reduction of hinge moments to near-zero values.

INTRODUCTION

Excessive control hinge moments sssoclated with the high speeds at
which present-day aircraft operate have necessitated the extenslive use
of powered control systems. Although powered systems have proven to be
adequate, a reduction in hinge moments 1s desirable either to cut down
the size and weight of the boost system required or to provide controls
that can be operated manuelly. The National Advisory Committee for
Aeronsutics 18 currently investigating several possible means of aero-
dynamically balancing excessive control hinge moments encountered in
the transonic speed range. An exploratory investigation was initiated
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at low speeds to study some of the characteristics of several types of
aerodynamic balances on & wing having a plan form suitable for high-
speed aircraft. Since very few hinge-moment data are aveilable on
lateral controls for wings of this plan form, the present investigation
was made,

This paper presents the results of & preliminary investigation in
the Langley 300 MPH 7- by 10-foot tunnel of the hinge moment and the
effectiveness of an alleron equipped with elther a plain radius nose,
an overhang balance, a paddle balance, or a spoller balance on an
8.5-percent-thick wing having & leading-edge sweepback of *51.3%, an
aspect ratio of-3.05, and a taper ratio of 0.49. The 20-percent-chord’
by 39-percent-gsemispan aileron was flat-sided, unsealed, and extended
from the 5h-percent-semispan station outboard.

DEFINITIONS AND SYMBOLS

The forces and moments on the wing are presented about the wind
exes, which, for the conditions of these tests (zeroc sideslip), cor-
respond to the stabllity axes (fig.'l). The axes intersect the plane
of symmetry at 27.8 percent mean aserodynamic chord as shown in figure 2.

The rolling-moment and yawing-moment coefficients determined on
the semispan wing represent the aerodynamic effects that occur on a
complete wing as the result of the deflection of one alleron. The lift,
drag, end pltching-moment coefficlents determined for the semlspan wing
(with the aileron neutral) represent thosge that. occcur for a complete
wing.

The symbols used in the presentation of results are as follows:

Twice 1ift of semispan model

Cy, 11ift coefficient, S
CD drag coefficient, Iwice drag ofq;emispan mOdEI
Cm pltching-moment coefficient referred to 0.278c,
Twice pltching moment of semispan model
gSc
C, rolling-moment coefficient, L/aSb
Cp yawing-moment coefficient, N/gSb
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aileron hinge-moment coefficient,
Ha

2q X Area moment of alleron rearward of and sbout aileron
hinge axis

twice span of semispan model, 6.066 ft

twice area of semispan model, 12.06 sq ft
aspect ratio of wing, 3.05, b2/S

roliing moment due to aileron deflection, ft-1b
yawing moment due to aileron deflection, £i-1b
aileron hinge moment, -ft-1b

free-stream dynamic pressure, % Ve, 1b/sq £t

free-stream velocity, ft/sec
mass density of air, slug/cu £t
lateral distance from plene of symmetry, £t

local wing chord messured In planes parallel to wing plane
of symmetry

Jocal wing chord meesured in planes perpendicular to wing
0.556c line .

2 b/2 2
wing mean serodynemic chord (MAC), §L/ﬁ c~dy, 2.087 £t
0]

local sileron chord measured along wing-chord plsne from
hinge axis of alleron to tralling edge of aileron in
planes parsllel to wing plane of symmetry

local asileron chord measured along wing-chord plane from
hinge axis of alleron to tralling edge of alleron in
planes perpendicular to 0.556c line

angle of attack of chord plane at root of model, deg
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Bg aileron deflection, corrected for deflectlon under load,
relative to wing-chord plane and measured in plasnes
perpendiculdr to alleron hinge axis, deg

9
c. =1
By, 3 /g

a

c _ Bch)
e \38a/y

c _ acl
-Lsa . a5 «

The subscripts 8, and o outside the paerentheses indicete the

factor held constant. All slopes were measured in the vicinity of—
0° angle of attack and 0° aileron deflection.

CORRECTIONS

All the test data have been corrected for Jet-boundary and
reflection-plane effects by the method of reference 1. Blockage cor-~
rections as determined from reference 2 to account for the comstriction
effects produced by the wing model and wing wake were alsc applied.
Alleron deflections have been corrected for deflection under load, but
the rollipg-moment-coefficlent data have not been corrected for the
small asmount of wing twist produced by the aileron deflection, since
this correction as determined by static load tests was negligible.
Reflection-plane corrections as determined from low-speed unpublished
data have been spplied to the rolling-moment datsa. .

APPARATUS AND MODEL

The semispan sweptback wing was mounted vertically in the Langley
300 MPH T~ by 10-foot tunnel as shown in figure 3 with the ceiling
serving as a reflection plane. The model was mounted on the balance
gystem in such s manner that all forces and moments acting on the model
could be measured. A small clearance gep was malntalned between the
model and the tunnel ceiling and & small end plate was attached to the
root of the model to deflect the spanwlse flow of air that enters the
tunnel test section through the opening.

AR
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The model used for these tests was bullt of aluminum to the plan-
form dimensions shown in figure 2. The model had an aspect ratio of
3.05, a taper ratlio of 0.49, and a leading-edge sweepback of 51.3°.
The wing sectione perpendicular to the 55.6-percent-chord line had an
NACA 651-012 airfoil profile. The aileron hinge moments were measured
wlth an electric resistance-type strain gage.

The model was equipped with a 20-percent-chord by 39-percent semi-
span flat-slded, unsealed, plain-radius-nose alleron with the outboard
end located 6.8 percent of the wing semispan inboard of the wing tip.

The lateral-control and hinge-moment characteristics of the plain-rasdius-
nose alleron and the aileron with several types of aerodynamic balances
(fig. 4) were investigeted. A description of these balances is given

ag follows:

(8) An elliptical and a sharp-nose overhang balance with 60-percent
aileron chord overhang.

(b) An external delts-shaped paddle balance, located both sbove the
upper and below the lower aileron surface. :

{c) A spoiler balance projected along the 65-percent wing chord
line extending from the inboard end of the alleron ocutboard. Spoiler
spans of 37.5 and 50 percent of the alleron span were projected at the
rate of 1 percent of the wing chord per 5° aileron deflection. Spoiler
spans of 25-, 37.5-, and 50-percent span were projected at the rate of
2 percent per 5° B,.

TESTS

All the tests were made in the Langley 300 MPH T- by 10-foot tunnel
at an average dynamic pressure of 1u48.5 pounds per square foot, which
corresponds to & Mach number of 0.328 and a Reynolds number of k.45 X 106
based on the wing mean aerodynamic chord of 2.087 feet.

The lateral-control tests cover the deflection range from -30°
to 30° and the angle-of-attack range from 0° to 28° for the various
aerodynamic balances investigated.
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RESULTS AND DISCUSSION

Wing Aerodynamic Cheracteristics

The aerodynamic characteristice in pltch of the wing, equipped with
a flat-slded alleron, are presented in figure 5. Longitudinal sero-
dynamic characteristics through a range of Mach number from 0.302 to
0.913 are presented in reference 3 for the wing equipped with a true
contour (cusped trailing edge) aileron. The aerodynamic cheracteristics
(fig. 5) are in good agreement with the serodynamlc characteristics at
low Mach numbers presented and discussed 1n reference 3. For this
reason the aerodynamic characteristics in pitch are not discussed in
the present paper.

Curves of the varlation of drag coefficient with 11ft coefficlent
for the plain-radius-nose alleron and the aileron with the various
balances are preserited in figure 6. The scale for this figure has been
expanded in order to show the lncrement in drag caused by the addition
of the balances. It can be seen from this figure that the additional
drag caused by any of the balances investigated when the alleron is in
the neutral or trim position is small.

Lateral-Control and Hinge-Moment Characteristics

The varlation of the lateral-control and hinge-moment character-
istics with alleron deflection at varicus angles of attack for the plain-
radius-nose aileron and the aileron with the various aerodynamic balances
is presented in figures 7 to 9 and summerized in figure 10. The lateral-
control and hinge-moment parameters Claa’ chm’ and ChSa determined

from the data in figures 7 to 10 are presented in table I,

Rolling-moment characteristics.- Except for angles of attack near
stall and large alleron deflections, the rolling-moment coefficlents of
the slileron equipped with the various balances investligated vearied
slmost linearly with sileron deflection (figs. T to 10). The aileron
effectiveness parsmeters were relatively unaffected by the size or shape
of the overhang balance or by the addition of the paddle balance (table I).
ProJection of the spoller in front of the alleron st the rate of 2 percent
of the wing chord per 5° silleron deflection, however, increased the ail-
eron effectiveness parameter Clsa' In general, the increase in rolling

effectiveness resulting from the projection of a spoller in front of-the
alleron became larger as the span of the spoller wes increased.
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Hinge-moment characteristics.- The aileron equipped with any of
the various aserodynamic balsnces investigated showed & fairly linear
variation of hinge-moment coefficient Cp with angle of attack at 0°
aileron deflection below approximately 8° angle of attack (fig. 10).

It can be further seen from figures T to 9 that this linesr varistlion
holds true through the *10° ajleron-deflection range at these angles of
attack. Except for the alleron with the 0.60cy overhang balances or
the paddle balances, the values of (Cp at a given aileron deflection

generally became more negative as the angle of attack was increased to
approximately 21°. The hinge-moment parameter ChOL (measured near

zero angle of attack) for the aileron with the paddle balance or the
0.60ca overhang balances generslly was slightly positive throughout
most of the deflection range investigated (figs. 7 to 10). It should
be remembered that positive wvalues of Chm tend to Increase the stick

force during maneuvers and should, therefore, be considered when evalu-
ating the different aerodynamic balances.

The aileron with the various aerodynamic balances also showed a
fairly linear variation of Cjp with aileron deflection in the +10°
deflection renge for angles of attack below 16.6°. Except for the
aileron with the 0.60cg overhang balances or the spoiler balances pro-
Jected at the rate of 0.02c per 5° &gy, the values of Cp at a given
engle of attack, below approximestely 21° (figs. 7 to 10), generally
increased negatively as the aslleron deflectlon was lncreased poslitively
(denoting an underbalanced control) throughout the deflection range.

The aileron with the 0.60cgy elliptical nose overhang became overbalanced
above approximately +10° 8y and the aileron with the 0.60cg sharp-nose
overhang becomes overbalanced sbove approximately -20° 85 (figs. T(b),
T(c), and 10(a)). It should be noted that the aileron deflections at
which the aileron with the 0.60cyg overhang balances became overbsalanced
correspond very neerly to the deflectlions at which the elliptical or

the sharp nose emerged from the wing contour. The aileron with the
spoiler balance projected at the rate of 2 percent per 5° By Dbecame

overbalanced above approximately +10° &g for the %—aileron-span gspoiler
balance and was overbalanced throughout the aileron-deflection range for

the one-half aileron span spoiler balance (figs. 9(d), 9(e), and 10(c)).

An increase in the span or rate of projection of the spoiler balances
increases the balancing power of the spoiler balsnces (fig. 10(c)). The
reductions in the hinge-moment coefficients of the alleron with the
various spoller balances measured in this investigation result from the
change in loading over the zileron with spoiler projection. Further
reduction in the eileron hinge-moment coefficients resultling in the use

- R
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of smeller spoller spans or in smaller rates of spoiler projection
could be obtained by linking the spoiler to the sileron so that the
hinge moments of the ailerons are balanced by those of the spoiler.
The results of-such an investigation are presented in reference 4.

All the aerodynsmic balances gave apprecisble reductions in the
hinge-moment coefficlents of the plaln-radius-nose aileron at low speeds.
The spoiler balances, however, have the most favorable variation of
"hinge moment with aileron deflection and indicate that at a given speed
the hinge moment of the alleron can be reduced to near zZero without
overbalance for the large alleron deflections.

It should be stressed that the balance configurations investigated
were not necessarily the optimum but that the date thus obtained in con-
Jjunction with section data (ref. 5, for example) can be used to estimate
the amount of balance needed to obtaln near-zerc hinge moments.

CONCLUSIONS

A wind-tunnel investigastion made at low speeds to determine the
lateral-control and hinge-moment characteristics of a partial-span
aileron having various aerodynamic balances on a 51.3° sweptback semi-
span wing indicated the following:

1. The alleron effectiveness was relatively unaffected by the slze
or shape of the overhang balance or by the addition of the paddle balance,
but projection of e spoiler in front of the aileron as an aerodynamic-
balance generally resulted in an increase in the alleron effectiveness.

2. All the aerodynamic balances gave appreciable reductions in the
hinge-moment coefficients of the plain-radius-nose alleron at low speeds.
The spoller balance and the paddle balance, however, have the most
favorsble variations of hinge moment with aileron deflection and indicate
that at a given speed the hinge moment of the alleron can be reduced to
near zero without overbalance occurring for the large aileron deflections.
These balances are recommended for further investigation.

Langley Aeronsutical Laboratory
Natlonal Advisory Commlittee for Aeronautics

Langley Field, Va.
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TABIE T
SUMMARY OF THE LATERAL-CONTROL CHARACTERISTICS
OF A 20-PERCENT-CHORD AILERON WITH

VARIOUS ATLERON BALANCES

Configuration Chf,a Chy C'I.ga

Plain radius-nose overhang -0.0031| -0.0002 |-0.000%0
0.60c, elliptical-nose overhang -.0013 .0011 -.0004T
0.60c, eharp-nose overhang -.0013 .0009 -.00050
Paddle balance on both ailleron surfaces ~.0011 .0013 -.00055
3/8 aileron span spoller projected 0.0lc per 59 By -.0023 -.0002 -.00050
1/2 aileron spen spoiler projected 0.0lc per 5° &; | -.0018 -.0002 - .00056
1/k aileron spen spoiler projected 0.02¢ per 5° 8y | -.00ll] ..0002 | -.00060
3/8 aileron span spoller projected 0,02¢ per 5° §; | -,0008) -.0002 | -.00068
1/2 mileron span ppoliler projected 0.02c per 5° 8y [ +.0025] -.0002 | -.00072
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Figure l.- System of axes, control surface hinge moments, and deflections.
Positive direction of forces, moments, and deflection are indicated by
the arrows. ’
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Figure 2,- Arrangement of the aileron on the 51.3° sweptback semispan
wing, A = 3.00; S = 12,06 square feet; taper ratio 0.49. (All

dimensione are in inches unlegs otherwise noted.)
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Figure 3.- The 51.3o sweptback semispan wing mounted vertically in the
Langley 300 MPH T- by 10-foot tunnel,
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(a) Plein-radius-nose aileron,
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(B) Plain-radius-nose aileron and overheng balance.

Figure 4k.- The plain-radius-nose ailercn and the various aerodynamic
balences investigated on the 20-percent-chord by 39-percent-semispan
aileron.
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(c) Peddle balance.

Figure 4,- Contimued.
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(d} Spoiler balance.

Figure L.- Conclpded.
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Plain-radius -no;se aileron

Alleron with 0.60cg sharp-nose overhang

Aileron with paddle balance
Aileron with 3/8-aileron-span-spoller balance

Alleron with 1/2-alleron-span-spoiler balence
Aileron with 1/%-aileron-span-spoiler balance
Alleron with 3/8-alleron-span-spoiler balance
Alleron with 1/2-alleron-span-spoller balance
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Aileron with 0.60cg elliptical-nose overhang

L52G03

projected 0.0Lc per-5°,5g
projected 0.0lc per 5° &
projected 0.02c per 5° 84
projected 0.02¢c per 5° 84
projected 0.02c per 5° &,
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Figure 6.- The variation of drag coefficient with 1ift coefficient for
the plain-radius-nose alleron and the alleron with va.rious aero-

dynamic balances.
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Figure T.- Variation of the latersl control snd hinge moment character-
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the aileron equipped with various overheng balances. M = 0.33.




NACA RM L52G03

(da )
._(deg
7 o -0/
o 4./
O &2
[ 8 128
\\ azo7
: N 0247
/ B 0 287
- |
) [
=/
\x\\
_2 N
o
*\~:::4E::: ) .,
O e S N =
\\\f’\s g
- < \\'-)'—73
N\
o)

30 -20 -10 O 10 20 30
Aileron deflection ,8,, deg

(2) Concluded.

Figure T.- Continued.



NACA RM L52GO3 A 2l

aQ
(deg)
o3 o -0l
2 2L
02—8 A 124
AN 4 166
- £
0l R g 287
0 —ix :
| NNl
-02 L Cr
|
— -0/
ol - 102
P ‘A\
N %.E ==
)
_o! ,/8;,/%?
' i O ©n
%Eﬂ.‘f—”/’ SR AG T
_— /4

-30 -20 -/0 0 /10 20 30
Arleron deflection, 84, deg

(b) An 0.60cy elliptical-nose overhang,

Figure T.- Continued.




22 - ' ' s NACA RM L52G03

(deg)
eg
g
¥ -
(] .
O 8.2
z A /24 /
4 /6.6
a 207
J Q 247
c o 287 .
h =
o — /J”
e
\"
\l\
-/ -
2
, 0
,/fﬁ;y%%\
~ A &51:‘;‘%__ ./
\7):\/ N
-2 Op
-3
~TKE
L1,

-30 -20 -/0 o /0 20 30
Aileron deflection,8q,deg

(b) Concluded.

Figure 7.- Continued.



NACA RM L52G03 e 23
(deg)
03 0 -0/
o 4./
02 2 /gg
’ 4 16.6
$ Q247
Of N o 287
G NN
ey
0
—— _ —_—t 0/
-0 N
<X Q‘é
7 - 0
_ NG o C
l = 4
-0/
0! —-.02
P, 7 '.
Cn 0 | /T?/k
% o/
/
& o Cn
= —
4 ——"1 5 W-
] ] -0/

-30 -20 -/0 o /10 20 30
Aflleron deflection , 84 ,deg

(¢) An 0.60cy sharp-nose overhang.

Figure T.- Continued.

—



IS L NACA RM L52G03
(deg)
e
7 o 0./
o 4./
o 82
2 A /24
a4 [6.6
azo.7
/ 0 24.7
) ¢ 287
” ,
0 |2
=%
=/
2
—4 x 0
) ey <12
\,L‘i// ' $ 4 -/
/ '
-2 Ch
=3
.ﬂ
-4

-3 -20 -/0 o /10 20 30
Aileron deflection, 8,,deg
(c) Concluded.

Figure 7.~ Concluded.



4D NACA RM 152G03 L] 25

' (deg)
. 03 o -0/
o 4./
< 82
.02 A [24
4 /6.6
CA az20.7
-0/ 0247
C 6287
/4
o
% .0/
-0/
\ 0
o2 X ' 1
- =
= -0/
- \%
0ol 02
P A
Y === S :
—.0/
=
0! %/8’/
A v D 0 G”
3 \E\ASJA// -
L1 1,

30 -20 -/0 o /0 20 30
Aileron deflection,8,,deg
Figure 8.- Varistion of the latersl-control and hinge-moment characteristics

with alleron deflection for the plain-radius-nose aileron equipped with
a paddle balance.




26

NACA RM L52G03

(dgg)
3 o -0./
o 4./
o 82
2 A /24
4 /6.6
azo.z
g 0 247
g o 287
7 1 \i\’% G -
"i\'\ \n
[ e YN, e
-/ e
N
=2
o
&\
HNT\\ 2
] _ C
o ite—1-2 Y
BN
Ja
Q.3
_
L 4

-30 -20 -/0 o 10 20 30
Aileron deflection , 84 ,deg

Figure 8.- Concluded.



NACA RM L52G03 .., o7

 (deg)
eg
03 o o7
o 4./ -
o
© 02 A /g'g
4 égg
V| .
TS 2527
“ x% |
© N&
J o1
D §§§\
-01 i 3P
o
02 ' f Cr
.0/
o/ 02
G 0 b=
— ¥7),
-.0/ %
o Cn
=1 | : A
L 1_Los

30 -20 -/0 o /0 20 30
Aileron deflection, 84 ,d8g

(a) Three-eights-aileron-span spoiler projected 0.0lc per 5° Bg.
Flgure 9.- Variatlon of the latersl-control and hinge-moment character-

istics with aileron deflection for the plain-radius-nose sileron with
various spoliler-type balances.



28

<A NACA RM L52G03
e
@deg)
o-0./
. a 4./
© 8.2
A /2.4
4 /6.6
a’zor
o247
0287
A1 _ A
Hl\\ﬂ
o
5\ -/
\ -
). ~ C
A -2 “h
N
i
-3
W
| S ! -4

-30 -20 -/0 o 10 20 30
Aileron deflection, 84, deg

(a) Concluded.

Figure 9.- Continued.



NACA RM L52G03 ~ R 29
074
03 (deg)
o -0./
o 4./
o
3162
01 kN Y7 ia
G \\\\ ¢ 287
o
. 0o/
o s~
¥ 0
-0 == Gy
/
o/ —02
o o ; M%
O
-0/ —f
— 0 o
i L1 1 —. /

-30 -20 -/0 o /10 20 30
Aileron deflection, 8a,deg

(b) One-half-aileron-span spoiler projected 0.0lc per 5° 5.

Figure 9.- Continued.
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Figure 9.~ Continued.
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Figure 9.- Continued.
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Fligure 10.- Variation of the lateral-control and hinge-moment character-

istice for the plain-radius-nose aileron equipped with various aero-
dynamic balances.
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Figure 10.- Continued.
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Figure 10.- Continued.
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